Pancreatic ductal adenocarcinoma (PDAC) is one the most malignant cancers and has been shown to have increasing morbidity and mortality in recent years. 1 Since PDAC is always diagnosed at an advanced stage, only a few patients are suitable for surgical resection. Most patients who receive chemotherapy or radiotherapy targeting pancreatic cancer do not significantly benefit from these treatments. 2 Accumulating evidence has indicated that the microenvironment composed of pancreatic cancer cells and other cell types is critical in regulating tumor progression, which could serve as a therapeutic target for PDAC. 3 It has been demonstrated that the stroma of PDAC is enriched with activated pancreatic stellate cells (aPSCs), which express alpha-smooth muscle actin (α-SMA) and promote tumor cell proliferation and migration. 4 Recently, aPSCs were reported to prevent CD8 + T cells from infiltrating tumor tissues to exert antitumor immunity, mediate the migration of myeloid derived suppressor cells (MDSCs) into tumor tissue and promote mast cell activation, which together lead to immune privilege in the microenvironment of PDAC and promote tumor progression. [5] [6] [7] However, how aPSCs impact another major cytotoxic cell type, natural killer (NK) cells, in the stromal-rich PDAC microenvironment is not yet fully understood.
Hepatic stellate cells (HSCs) are known to have the same characteristic as PSCs and thus could serve as a good reference for PSCs. In studies of liver fibrosis, it has been found that M1 macrophages, neutrophils, T helper 17 (Th17) cells, CD8 + T cells, and natural killer T (NKT) cells can secrete proinflammatory cytokines and activate HSCs to produce collagen fibers.
8-10
By contrast, some anti-fibrotic immune cells, such as M2 macrophages, regulatory T (Treg) cells, Th17 cells, NK cells, and NKT cells, inhibit HSC activation through production of IL-10 or direct killing of HSCs. 11, 12 It is worth noting that NK cells play a dual role in regulating stellate cells, yet little has been reported on the role of stellate cells in regulating NK cells. In this study, we report that NK cell function is suppressed in the PDAC microenvironment, possibly by negative regulation from tumor residential aPSCs.
First, peripheral blood mononuclear cells (PBMCs) and tissue infiltrating lymphocytes (TILs) from PDAC patients were isolated and stimulated with IL-12 (10 ng/ml, R&D systems) for 18 h; then, the expression of NK function-associated proteins, including Interferon-gamma (IFN-γ), perforin, granzyme B, and CD107a, was analyzed in NK cells (CD3 −
CD56
+ gated) by flow cytometry. As shown in Fig. 1a , the percentages of IFN-γ + , granzyme B + , and CD107a
+ NK cells in TILs were significantly lower than those in PBMCs from the same PDAC patient. The statistical data of the patient cohort are shown in Fig. 1b . These results clearly demonstrate that NK cell function in the pancreatic cancer microenvironment is largely inhibited compared to that of NK cells in peripheral blood.
To investigate whether aPSCs, which are abundantly enriched in the tumor microenvironment, cross-talk with NK cells and are therefore involved in the immunomodulation of NK cells in the stroma of pancreatic cancer, we further isolated and cultured PSCs from tumor tissues of PDAC patients by two-step discontinued Percoll density gradient centrifugation. Tumor-derived PSCs showed an activated phenotype with high expression of α-SMA as well as a myofibroblast-like phenotype with vimentin and fibroblast specific protein 1 (FSP-1) expression (Fig. 1c,d) .
To investigate the interactions between PSCs and NK cells, we co-cultured tumor-derived aPSCs with NK92 cells, a NK cell line with high NK functional marker (NKG2D, NKp30, NKp46) expression. As a control, we also isolated quiescent normal PSCs (nPSCs) from matched noncancerous peritumor tissues of the same patient. After NK92 cells were co-cultured with PSCs at a ratio of 1:4 for 18 h, the levels of NK cell function-associated proteins, including IFN-γ, granzyme B, and CD107a, were determined by intracellular staining via flow cytometry. The results showed that the production of IFN-γ, granzyme B, and CD107a in NK92 cells dramatically decreased in the co-culture with aPSCs compared to those in the co-culture with nPSCs and without co-culture, suggesting that tumor-derived aPSCs can suppress NK cell function and, potentially, cytotoxicity (Fig. 1e) . Our data provide strong evidence that aPSCs from the pancreatic tumor stroma are different from quiescent normal PSCs in peritumor tissues, possessing a negative regulatory effect on NK cells, which could be an important contributing factor to immune suppression of NK cells that infiltrate the pancreatic cancer microenvironment.
We concluded that the abundant aPSCs found in the pancreatic tumor stroma play a role in suppressing NK cell function in the local tumor microenvironment. Further studies are underway to determine the molecular patterns of aPSC-dependent negative regulation of NK cells, which may provide new insight into the immunotherapy of PDAC. 
